The vertebrate central nervous system integrates cognition and behavior, and it also acts as both a source and target for steroid hormones like estrogens. Recent exploration of brain estrogen production in the context of learning and memory has revealed several common themes. First, across vertebrates, the enzyme that synthesizes estrogens is expressed in brain regions that are characterized by elevated neural plasticity and are also integral to the acquisition, consolidation, and retrieval of recent experiences. Second, measurement and manipulation of estrogens reveal that the period following recent sensory experience is linked to estrogenic signaling in brain circuits underlying both spatial and vocal learning. Local brain estrogen production within cognitive circuits may therefore be important for the acquisition and/or consolidation of memories, and new directions testing these ideas will be discussed.
Introduction
Historically, steroid hormones were thought to be produced exclusively in peripheral endocrine glands and to influence vertebrate behavior through long-term (hours to days) regulation of gene expression. In the case of estrogens, these 'classical' effects are mediated in the brain via the nuclear steroid receptors, estrogen receptor a (ERa) and ERb. It is now clear that the brain itself is also a key site of steroid hormone synthesis and action [1] . Brainderived steroids provide a local source of neuromodulators that can act upon neural circuits at rapid timescales akin to classical neurotransmitters (seconds to minutes) [2] . While the rapid effects of steroid hormones are often studied in the context of sexual behavior [3] , the role of neurosteroids in behaviors and neural systems beyond reproduction has only recently received attention. One area in particular has been understanding how estrogen signaling may enhance or otherwise alter cognition on momentary timescales. While there are a host of hormones that modulate learning and memory [4, 5] , the potent endogenous estrogen 17b-estradiol (E2) has a clear influence on cognition and neural plasticity [6] [7] [8] . As such, this review will concentrate on the role of locally synthesized brain E2 in learning and memory.
Focusing on recent findings, we evaluate three fundamental aspects of E2 and cognition: (1) the expression of estrogen synthase (aromatase) in brain regions critical for memory consolidation; (2) how measurement and manipulation of relatively rapid E2 synthesis relates to encoding recent experience; and (3) whether learning and postlearning epochs are associated with periods of E2 production and/or suppression. For the purposes of this review, we define the following terms:
Learning: active process of acquiring new information through experience. Memory: stored information and/or consolidation of new information from a learning experience/event. Cognition: an active, sensory-dependent process that encompasses both a learning event (e.g. training) and the subsequent consolidation of the memory about that event (e.g. post-training), which can be recruited in future contexts. Recent experience: a discrete window of time including both a potential learning event and the 2-h period that follows immediately after the learning event.
Encoding: the active process of memory consolidation of a recent learning event.
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